Erosion and inflammatory changes in the carpus, fingers and toes of a rhesus monkey, Macaca mulatta, are described; this was one of 152 animals in each of which four fixed limbs were available for examination. The histological changes resembled closely those found in adult human rheumatoid arthritis. The limited literature is reviewed (including cases with amyloid disease).
Introduction
Rheumatism research has always been held up by the lack of a similar disease in animals, and experimental models, in species as far from man as the pig down to the mouse, have been disappointing.
There is little in the literature on the subject of spontaneous arthritis in monkeys. Gillman & Gilbert (1954 , 1955 described one baboon out of 50 examined which developed ankylosing osteophytes of the vertebral column with large osteophytes also at the site of attachment of the muscles and limbs and ankylosis of the symphysis pubis. This animal, aged about 12 years, died of amyloid disease. Benditt & Eriksen (1972) described 3 rhesus monkeys, from the National Primate Centre, Davis, California, with inflammatory disease of the joints resembling rheumatoid arthritis, proliferation of synovial lining cells and an infiltration of inflammatory cells, mainly mononuclear and epithelioid cells, involving knee joints and proximal interphalangeal joints as well as, in one case, the right sternoclavicular joint. All had amyloidosis and this was the reason for the publication.
Casey and colleagues (1972) described a male rhesus monkey with chronic arthritis of the femorotibial joints as well as amyloidosis of the secondary type. Chapman & Crowell (1977) described 5 rhesus monkeys with chronic arthritis: 3 had ulcerative enterocolitis associated with Shigella flexnerii, 4 had rheumatoid factor present and 4 also had amyloidosis. The description given of the knee joints, both gross and microscopic, seemed very much like that of rheumatoid arthritis. Brown et al. (1974) described rheumatoid arthritis of a chronic type in 6 gorillas and these were associated with mycoplasmal antibody, rheumatoid factor and cured by tetracycline (Brown et al. 1971) . Sokoloff et al. (1968) described one rhesus monkey aged 18 years with an ankylosed spine and inflammatory changes rather like those of ankylosing spondylitis, together with one ankylosed rib and eroded knees. The sacroiliac joints, however, were not ankylosed. Periostitis was seen microscopically, such as has been described in psoriatic spondylitis (Bywaters & Dixon 1965) , and disc erosions were demonstrated, such as those described in early ankylosing spondylitis (Bywaters 1968 ). The authors contrasted these changes with the typical ones of hyperostosis seen in another monkey and concluded that the changes were analogous to those of human ankylosing spondylitis.
. At the instigation of, and with the help of the Nuffield Foundation, I have looked at the Xrays of all four limbs of 152 rhesus monkeys sacrificed for polio-vaccine manufacture by the Wellcome Research Laboratories. 
Methods
Both arms and legs were X-rayed, anteroposteriorly and laterally, on standard film by the standard machine; the X-rays were inspected and blocks made of abnormal joints after decalcification. Sections were stained by H & E, azan carmine and Ziehl-Neelsen.
Results
This group of monkeys showed the usual traumatic and post-infectious lesions. Only one showed more: X-rays of this one monkey showed a few traumatic lesions but, in addition, both hands and one foot showed erosive lesions with soft tissue swelling of the left carpal joints, the left metacarpophalangeal 3 and the left distal interphalangeal 3 and 5 (Figure 1) , the right distal interphalangeal 2, 3, 4 and 5 (Figure 2) , as well as the 5th terminal distal interphalangeal joint of the right foot (Figure 3 ). Microscopic examination of the left carpus (Figure 4) , showed multiple lesions involving both the proximal and the distal row of joints, with erosion of cartilage and bone by vascular rheumatoid-like granulation tissue. There was considerable synovial cell hyperplasia with an occasional multinucleated cell, and widespread diffuse infiltration by mononuclear cells (Iympocytes) ( Figure 5 ). Lymphocytic foci or lymph follicles with germ centres were not seen. Only scanty neutrophils or eosinophils were identified. Marginal erosion of cartilage was widespread ( Figure 6 ), and in places pseudocysts ('Geodes') were seen (Figure 7) . The capitate had undergone severe erosion with eburnation ( Figure 8 ) and the basal carpal-metacarpal joint had eroded, including also the extension of this cavity between two adjacent fingers (Figure 9 ). The distal interphalangeal joints of the left 5th finger and the 3rd right fingers were extensively destroyed (Figure 10) , only a small portion of the original cartilage being left. Sections of the palmar aspect showed tenosynovitis and tendinitis ( Figure II) , with similar histological appearances involving the insertion of the flexor digitorum longus. Neither vasculitis nor nodules were seen.
Live monkeys are often very lively and X-rays are usually unsatisfactory, but on 21 June 1966 (through the courtesy of Dr Bourne) I was able to find one chimpanzee out of 25 at the Yerkes Primate Centre in Georgia whose bones showed suggestive changes (Figure 12) . However, the animal seemed not to be too inconvenienced by whatever was happening in her joints, and her Rose-Waaler, latex and FII tests were all negative, as were those of the other chimpanzees whose X-rays were examined. 
Discussion
The X-ray and histologic changes of chronic polyarthritis in three limbs of a rhesus monkey resemble closely those of rheumatoid arthritis in man. Evidence from other studies appears also to confirm the existence of a chronic polyarthritis of a rheumatoid type, not only in rhesus monkeys but in gorillas, perhaps in baboons (Bramblett 1967) and perhaps in chimpanzees.
It has been associated with enterocolitis (Holmberg et al. 1977) , with amyloidosis and with positive rheumatoid factors and, possibly, with mycoplasmal infection (Brown et al. 1974 , Obeck et al. 1976 or shigellosis (Chapman & Crowell 1977) . It is difficult to interpret the original spinal arthritis described by Gillman & Gilbert (1954 , 1955 in the baboon, but the ankylosing spondylitis described by Sokoloff et al. (1968) -although there was no sacroiliac disease -appears to be well differentiated from hyperostosis in the same breed of animals.
Since apes are our nearest relatives, the natural occurrence in them of chronic polyarthritis of the rheumatoid type suggests that they would be a suitable species for study of, for instance, shigella infection in relation to tissue typing. However, the only extensive work in this field was that conducted some years ago, under the auspices of the Arthritis and Rheumatism Council, which cost £40 000 and failed to show any arthritis developing over a period of some six years in a colony of baboons injected with synovial material from human rheumatoid joints (unpublished).
